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Abstract: 
This article focuses on the studying and analyzing the rainfall variability at 
Elkhuwei area. The data for rainfall variability was collected from Meteorological 
authority-Khartoum for the last four decades. The mean, standard deviation and 
coefficient of variation were used to calculate the rainfall variability on long-term 
annual basis. The results showed that the rainfall is highly fluctuated and varied 
over both space and time. The coefficient of variation for this period is equal to 
0.33 and the standard deviation is equal to 114. Two positive and four negative 
anomalies were found during the period 1970-2010. 
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Introduction 
Rainfall is one of the major 
climatic elements that affect the 
traditional producers, especially 
traditional farmers' livelihood. 
Rainfall aspect is vital for both 
present and the future rational 
utilization of the economic and 
human resources (Abdalla 
1992). The rain-fed agricultural 
crops production varies from 
one year to another and rainfall 
is usually the main factor 
responsible for these variations. 
Rainfall variation, fluctuation 
and condition have a crucial 
role in determining the success 
of rainfed production especially 
in the study area which is a part 
of the Sahelian zone that is 
characterized by vulnerable 
environment and high rainfall 
variability (Dano, 1980, El-Jaili 
1995, Egemi 1995, Elfaig 
1996). The interannual 
variability of rainfall over 
Africa, particularly in the Sahel 
has been tackled by many 
authors for example 
(Nicholson, 1994, Nicholson et. 
al., 1996). In West Africa there 
has been a pattern of continued 
aridity since the late 1960s 
(Nicholson, 1999).  However, 
some recoveries occurred in 
most eastern sector during the 
1990s with rainfall in some 
years being near or just above 
the long-term mean (Nicholson. 
2000).   Rainfall variability is 
one of the climate indications 
denotes the trends of changes 
within the earth’s environment 
that can affect the natural set 
up. The internal variability in 
the rainfall system can be 
recognized as a form of shock, 
meaning that the current state 
of rainfall reflects consequences 
upon the human life. The 
variability involves changes in 
the average state of rains over 
durations ranging from decades 
to millions of years. The 
deficiency and fluctuation of 
rainfall lead to fluctuation and 
variation in crops production 
and in some times causes 
complete crop failure. As such, 
the main objective of this 
research is to study the rainfall 
variability at Elkhuwie area. 
Geographical and Environmental 
Characteristics of the Study Area 
The study area is a part of the 
Sahelian zone lies between 
longitude (27
0
 - 29
0
 20
/ 
E) and 
latitude (12
0
 - 13
0
 25
/ 
E) as 
presented in Fig 1. This area 
has high water deficiency, high 
rainfall variability and recently 
has experienced   two major 
drought epixoded 1984-1985 
and 1991-1992 (Elfaig 2002). 
The rainy months in this area 
extended from July to October -
the month when it has at least 
10% of the annual rainfall 
(Eltom, 1975, Musa 1986, 
Abdalla 1992). Geologically, 
the area is dominated by 
Nubian sandstone in the 
eastern, southern and central 
parts overlying the basement 
complex. It lies at an altitude of 
520 meters above sea level with 
a high degree of uniformity 
being generally flat with no 
hills. Sand and sandyclay soils 
are the dominant features with 
some clay soil interdunes. 
Ethnically, the area consists of 
many tribes including Hammar, 
Darhamid and other small tribes 
with a total population of 
102,000 persons (Census 2008). 
These tribes depend on 
cultivation and animal raising 
for their living.  
 
Fig 1: Location of the Study Area 
 
 
Materials and Methods 
This section focuses on the 
methods of data collection and 
analysis. The data related to 
rainfall variability was collected 
from Elobied Meteorological 
Station for the last four decades 
1970-2010 because it is a 
reasonable and extensive data. 
It’s also the key weather station 
and the nearest point to the 
study area (80km) west of 
Elobied town. The area also 
witnessed wet spell (years with 
rainfall above the mean) and 
dry spell (years with rainfall 
below the average). The mean, 
standard deviation (SD) and 
coefficient of variation (C.V) 
were used to calculate long 
term rainfall variability using 
the equations hereafter. These 
equations showed the 
variability factor in terms of 
percentage, specially the 
coefficient of variation. 
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                    Equation (3)  
 where:   
𝐶𝑣  = is the Coefficient of variation in percent 
Xi   = is the value of sample (i)  
n   = is the number` of samples 
      is ' the sum of' 
 
Results and Discussion 
This part shows the results and 
discussion of the research.  In 
order to calculate the rainfall 
variation the data was analyzed 
to determine the anomalies 
(deviation from the normal 
mean) and then SD and CV 
were calculated. The outputs of 
this analysis are summarized in 
table (1).  
Data on rainfall for the period 
of 1970-2010 shows moderate 
dispersion with an average 
equal to 321.2mm, standard 
deviation equal to 97.5 and 
coefficient of variation equal to 
0.30. The data for the rainfall 
records for the period 1970-
1989 was generally low and 
moderately deviated from the 
mean (Standard deviation = 
64.8). The results showed that 
the rainfall ranges between 
127mm at the minimum level 
and 364.8 at the maximum level 
with an average of 286.6mm as 
shown in Table 1. 
 
 
Table 1: Rainfall Indicators and Dispersion in the Study Area 
CV STD Average Minimum 
amount 
Maximum 
amount 
Years 
0.23 64.8 286.6 127 364.8 1970-
1989 
0.33 114.5 347.8 116.9 581.5 1990-
2010 
 
 For the time period of 1990-
2010 the rainfall was relatively 
higher than the time period 
1970-1989 as reflected by the 
rainfall average equal to 
347.8mm and standard 
deviation of 114.5 with the 
maximum rainfall amount of 
581.9 and minimum rainfall 
amount of 116.9mm as shown 
in Figures 2 and 3. 
 
 
Figure 2: Rainfall Fluctuation in Elobied Station (Nearest Meteorological Station). 
Source: Meteorological Authority, Khartoum 2012 
 
 
Figure 3: Rainfall Fluctuation in Elobied Station (Nearest Meteorological Station) 
Source: Meteorological Authority, Khartoum 2012 
 
Comparing these  two time 
periods (1970-1989 and 1990-
2010), the results showed that 
the rainfall for the period 1990-
2010 was higher than the period 
1970-1989 but was highly 
dispersed and fluctuated. These 
results were supported by the 
results of rainfall anomalies 
(figure 4). The figure shows 
that two positive anomalies 
were reported as in 1994 and 
2007 and three negative 
anomalies were also reported as 
in 1977, 1984 and 2002. This 
shows great fluctuation and 
variation of rainfall over both 
space and time (coefficient of 
variation = 0.33 for the period 
1990-2010). These results 
indicated general trend of 
rainfall variation over both 
space and time.  The results are 
incompatible with the theory of 
climatic school thought as 
mentioned by Dando (1980), 
Cox (1981) and Lamp (1982). 
However, the findings support 
the idea of Glantz (1987) as the 
climate approach is incomplete. 
 
 
Figure 4: Rainfall Anomalies and Deviation from the Mean in Elobied Station  
Source: Compiled from Meteorological Authority, Khartoum 2012 
 
Conclusions 
Rainfall conditions during the 
period 1970-2010 were highly 
fluctuated in most of the years 
(45%) of the study period 
below the long-term rainfall 
average. Four extreme negative 
anomalies were found as in the 
years 1977, 1979, 1984 and 
1990 which represent prolonged 
drought prevailed during that 
period. The study has also shown 
that there is a general trend of 
rainfall variation rather than 
climatic change in this semi-
arid area of the Sahelian zone. 
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